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(71) I, Paul Schmidt, a Genndn citi- 
zen, of 5945 Saalhausen, Win terbeiserstrasse 
70, Genn&ny, trading as Tracto-Technik 
Paul ScBMmr, a German Ann of 5940 
5 Lemiestadt/Saalhausen, Germany, do here- 
by declare the invention, for which I pray 
ftat a patent may be granted to me and 
the method by which it is to be performed, 
to be particularly described m and by the 
loHowing statemwit: — 

This invention relates to a self-propeHed, 
pneumatically-operated burrowing apparatus 
for driving or enlarging holes or diannels 
in earth, the apparatus comprising a tubular 

15 housing; a percussion piston which re- 
ciprocates in the housing; and a striker tip 
arranged to dide m an axial direction rela- 
tive to the housing and to wJniA kinetic 
energy is imparted by the percussion piston 

20 in a workmg direction axial of ithe housing. 
Apparatus of this kind serves primarily 
for laying supply mains such as, for ex- 
ample, water mains, and electric or tele- 
phone calbles below streets or pavements 

25 without having to tear up the load surface 
or the pavement at the time. 

Ibi known burrowing ai^paiatus, the bou&- 
mg of the apparatus is subjected to very 
high loading, so that its worldng life norm- 

30 aBy amounts only to a nwudmum of 500 
hours. Furthermore, the diameter of the 
housing is up to 135 mm or more, although 
in practice 50 mm may be adequate for the 
diameter of the bore which is to be nmde. 

35 The large diameter of the housing gives rise 
to high friction, ^ich greatly reduces the 
rate of advancing of the tool Furthermore, 
the danger of damage to the road surface 
by transverse waves is increased, as the 

40 akeadjr well-compacted subsoil under the 
road js forced upwards against the road 
surface by the advancing of the burrowing 
apparatus, causing the road surface to lift. 
Further disadvantages of conventional 

45 types of pneumatic burrowing apparatus 



are high air consumption due to the large 
pressure surfaces faivolved, the risk of devia- 
tion from the required line of bore because 
of the large diameter of the housing, as well 
as the high production costs which result 50 
from the interior of the large diameter 
housing bemg machmed from said solid 
material 

The object of the invention is to produce 
an improved burrowing apparatus. 55 

In accordance with the invention, there is 
provided a self-propeQed pneumatically- 
operated burrowing apparatus for driving 
or enlargmg holes or dmnneb in earth, the 
apparatus compriang a tubular housing, a 60 
percussion piston ^ich is reciprocable in 
the housm^ and a striker tip arranged to 
aide in an axid direction relative to the 
housu^ and to which kinetic energy can 
be imparted by the percus^n piston in a <55 
working direction axial of the housing; in 
Jdiidi apparatus the striker tip on impact 
by the percussion piston thrusts the housing 
forward in the working dkection by actmg 
agamst adjustably pre-stressed resilient 70 
means contained in the housing, and in 
which the travel of the striker tip relative 
to the houang is limited by front and back 
stops. 

The apparatus of the present inveirtion 75 
has been shown to be advantageous in that 
not only is a smaller impact energy necessary 
than in the case of comparable conventional 
burrowing apparatus, but ako the loading 
on the housbg is waller. 80 

This is to be attributed to the fact that 
the striker tip is not fixed to the housmg 
but is slidably mounted relative to the 
housing and acts on the housing through 
the resilieait means. Hence^ the impact ap- 8& 
plied to the striker tip acts primarily on 
the striker tip and only to a much smaller 
extent on the housing. The mahi part of the 
energy is therefore dffective at the working 
edge of the striker d|> to break up Ae soil 90 
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and rock, i^iiereas onJy a rcIaUvely small 
amount of the impact enei^gy acts on the 
nousmg, after a time delay due to the re- 
silient means, to propel the apparatus for- 
5 wards throu^ the hole. This results in that 
the striker tip, after impact by the percus- 
sion piston, moves at a much higher speed, 
i 1 '^^"^^"S^ moves at a much lower 
speed, than in the case of conventional bur- 

10 rowing apparatus. With the improved ad- 
vancmg whidi is obtainable, the same 
^ount of useful energy for breaking up 
the rock etc. can be applied to the tip using 

J a smaUer percussion piston surface acted 
upon by the compressed air, and the housing 
diameter can be considerably reduced. In 
consequence of this there is also a significant 
reduction of the frictional resistance in the 

20 P?!?^ Furthermore, the housing waU can 

^ be thinner because only part of the energy 
IS applied thereto. This results in an apprec^ 
ab^ reducUon m the production costs. 

anbodiments of the mvention will now 
be described, by way of example, with refer- 
^Ich- acomjwnying drawings, in 

Figitte 1 is a partly^sectioned side view 
of a huiTowing apparatus in accordance 
With the mvention; 
30 Figure 2 is a longitudinal sectional view 
of an alternative form of burrowmg appara- 
tus m accordance with the invention; 

Figures 3 to 5 are longitudinal sectional 
views of a thmi burrowing apparatus in 
35 accordMice with the invention, showing, re- 
spectively, different operatmg positions of 
the parts of the apparatus. 

Figure 6 is a broken sectional view of 
a detad of the apparatus of Figures 3-5, 
40 on an enlai^ scale. 

Figure 7 is a pictorial view of a mounting 
lor msertmg the burrowing apparatus of 
Figures 1 to 6 in the ground; 

Figure 8 is a sectional view of part of a 
45 burrowmg apparatus In accordance whh 
the mvention for rebormg an existmg bore 
m the earth; 

Figure 9 is a side tow of a directlon- 
finder frame for aligning the bunowmg 
50 apparatus; * 

Figure 10 is schematic side view of a 
burrowing apparatus for boring a second 
hole parallel to an existing hole, and 

Figures 11 and 12 shpw stecdng devices 
for a burrowmg apparatus. 

Referring to Figure 1, a housing of a 
burrowing apparatus m accordance with the 
mvention includes a tubular body 1 com- 
prising a commercial hydraulic tube, which 
w is polished and chromhun-plated for pro- 
tection against corrosion and to reduce fric- 
tion, has an outer diameter of 65 to 95 mm, 
and is provided at both ends with an inter- 
nal thread. Into one end of the tubular 
65 body 1 a bush 2 is screwed. The bush has, 



at the centre of its length, a collar 3 of the 
same outer diameter as the body 1 and has 
a reduced-diameter threaded portion extend- 
ing from the collar 3 to the end remote from 
the body 1. The collar 3 is provided with 70 
holes 4 round its periphery to accomodate a 
hook spanner for screwing the bush into 
the body 1. 

On the threaded portion of the bush 2 
remote from the body 1 is screwed a hous- 75 
mg head 5 which has the same outer dia- 
meter as the coflar 3 and the housing tube 
1* The end wall of the housing head 5 
remote from the bush 2 has an axial aper- 
ture trough which extends a shank 7 of 80 
a conical striker tip 8. The major diameter 
of the striker tip is the same as the outer 
diameter of the tubular body 1 and of the 
collar 3 of the bush 2. The striker tip 8 
has a collar 10 which encircles a collar 6 85 
formed on the end wall housing head 5. 

On to tile free end of the shank 7 is 
screwed a collar 11 by which Uie shank 7 
K ^id^ m tile housing head 5. The collar 
11 has holes 12 m its end face to receive a 90 
spanner for screwing the collar on to the 
shaaik 7. Between tiie inner surface of the 
end wall of tiie housing head 5 and the 
collar 11 on tiie shank 7 is resiUent means 
compnsmg a compression spring 13, which 95 
IS positioned on the shank 7 and is adjust- 
ably prestressed by tile collar 11. The ad- 
instable pre-stressmg of the spring 13 en- 
sures tiiat the striker tip 8. in tiie starting 
posiuon as shown, lies widi its end face 100 
adjacent tiie collar 6 of tiie housing head 
5, but direct end contact is prevented by a 
resdient washer 14 arranged between the 
striker tip 8 and tiie housing head. All the 
screwed parts are secured against coming 105 
undone by lockmg plates. * 
In operation, a blow is struck by a pneu- 
maticaJlyK)perated percussion piston 16 
against tiie shank 7 of tiie striker tip 8 via 
an imermcdiate piston 15 which, m tiie HO 
aaitmg petition as shown, lies against tiie 
^ 7 of the str&er tip 8, so tiiat the 
yflccr Up 8 shoots forward in tiie working 
direcuon relative to tiie housing head and 
penetrate tiie ground. The mtermediate 115 
piston 15 contributes to tiie operation in 
mat, for example, stones which cannot be 
dmylaced are shattered by the striker tip 
yibratmg ahead of tiie housing. The piston 
15 IS for that purpose arranged slidably in 120 
the axial duecuon m tiie bush 2, and is 
supported in the bush 2 by a collar 17 
against annular resilient buffers 18 encircl- 
mg reduced-diameter portions of the piston 
1 5 m front of and behind the collar 17. 125 
When the striker tip 8 shoots forward, tiie 
housing 1 follows tiiis movement under the 
'iJjf *5 *e resilient 
u o ^"^^^ " retained in 
tiie bush 2 by an end wall 19 of the bush 130 
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2 and a washer 20 which is secured in the 
bush 2 by a circlip 30. The intermediate 
piston 15 forms a unit with the bush 2 and 
the resilient buffers 18, as does the housing 
5 head 5 with the striker tip 8, the collar 
11 and the spring 13. In general, for the 
resilient means formed by the spring 13, 
It IS a question of amount of its compression 
m the furthest forward position of the 

10 striker tip in the housing in the working 
direcUon being insufficient to cause the 
spring turns to be completely closed up, le. 
the spring to become "coil bound'*. 
The percussion piston 16 is guided in the 

10 housing 1 by means of two axiaHy-spaced 
guide rings 32 and 33 formed on the pert 
phery of the piston. Slide rings 34 are pro- 
vided in annular grooves in the guide rings 

on reduce the friction against the 

^ housmg 1. The guidmg of the percusaon 
piston 16 by the rings 32 and 33 ensures 
adequate freedom of movement of the per- 
cussion piston 16, &vea in the case of icla- 
tiveiy ferge distortion of the housmg body 

^ 1. Furthermore, the percussion piston 16 las 
a bored-out end remote from the striker tm, 
and mis end seals agamst a control sleeve 
35 which 15 retafaied by a collar 36 in a 
^ ^ ^^^^ the tubular body 

3U 1 by a deeve 37 screwed into the associated 
^ of the body. The sleeve 35 extends 
throu^ the sleeve 37 which projects from 
the body 1 and is slightly larger in diameter 
than the body. 

35 The control sleeve 35 has, at its end fac- 
mg afwajr ftrom the percusaon piston 16, a 
coimection 38 for a compressed air supply 
Which is fed by a hose from a compressor 
(not shown). In operation, the compressed 

w aur from the compressor enters the bored- 
out end of the percussion piston 16 
through an inner bwre 39 in the control 
sleeve 35, so that the percussion piston 
is accelerated in the direction of the 

45 strikCT tip 8. The percusaon piston 16 is 
thereby moved in the housmg 1 towards 
the mtermediate piston 15. The air m tiie 
body 1 in front of the percussion piston 
16 m the working direction escapes along 

SO ttie surface of the percussion piston wall 
For this purpose the percussion piston 16 
IS provided with a longitudinal recess ex- 
tending betfween the guide rings 32 and 

MM »l®f?.*^e external surface of the wall 
55 31, which recess is connected with a 
longitolinal groove 40 in flie guide ring 
33, which groove extends throng the end 
face of the piston 16 at the leading end 
m the workmg direction, and therefore 
» communicates wifli tiie faiterior of the 
housing between the percussion piston 16 
and the intermediate piston 15. The recess 
between the guide rings 32 and 33 is also 
connected, by an aperture 41 formed through 
65 the percussion piston wall 31, with a recess 



42 m the periphery of the control sleeve 
35, the recess 42 bemg vented to the out- 
side atmosphere. 

However, after about half tJie travel to- 
wards the intermediate piston has been 70 
covered, the connection between the recess 
42 and th recess in th wall 31 is inter- 
rupted; this being achieved by appropriate ^ 
dimensioning and positioning of the recess 
42 and the bore 41. The interior of the 75 
housing lying in front of the percussion 
piston 16 in the working dhrection is here- 
by closed off, i.e. it is no longer vented* 
Consequently, as the percussion piston 
moves further towards flie faitermediate ^ 
piston due to the pressure of the compres- 
sed air supplied to the bored-out end, air 
pressure builds up in the interior of the 
houang m front of the percussion piston 
16. This air pressure, after the impact of 85 
the percussion piston 16 on the intermediate 
piston 15 and the release of the kmetic 
^ergy of the percussion piston effecting 
Uie forward drive of the striker tip 8 and 
the housing 15, accelerates the piston 16 90 
in the reverse direction. 

Simultaneously with the impact of the 
percussion piston 16 on the intermediate 
piston 15, a connection is formed, by use 
of a suitable length of the control sleeve 95 
35, through the bore 41 in the wall 31 
of the percussion jpiston 16, from the in- 
terior of the housmg between the percus- 
aon piston 16 and the intermediate piston 

15 to the inner bore 39 of the control 100 
sleeve 35, and the percussion piston exper- 
iences, in opposition to the action of the 
compressed air fed to the bored-out end, 

air pressure acting on the other end. Smce 
the area at the other (forward) end is 105 
larger than the area siAjected to pressure 
at the back end, the percussion piston 16 
moves back to its starting position under 
the difference of pressure on the two areas. 

Before the stwUng position is reached 110 
m ynuck the percusaon piston 16 rests 
agamst the coDar 36 on the control sleeve 
35, a ccmnecUon is again formed, from 
flie intmor of the part of the housmg 
body 1 l]OTg between the percussion piston 115 

16 and ttie mtermediate piston 15, to the 
recess 42 in the control sleeve 35 which 
is vented to the atmosphere so that the 
au- pressure in this interior diop$ and the 
percussion piston 16 is braked by the 120 
pre^e of the compressed ak feed, which 

by this tune is acting only on the bored- 
out end of the percussion piston. After 
r^achmg the startmg position in which the 
action of the compressed adr is mamtained 125 
m the bored-out end of the piston 16 and 
the mtenor <rf the housing in front of the 
forward end is vented, the piston 16 is set 

mXi^^"^- ^"^^^^ ^^^^ mter- 
mediate piston 15. 
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The venting of the interior of the tubular 
body 1 via the recess 42 in the control 
sleeve 35 takes place because there are 
bores 43 running axially through the collar 
5 36 of the control sleeve 35. Furthermore, 
the rear end of the body 1, into which the 
bores 43 open, is either open or is pro- 
vided with a protective tube 44 of synthetic 
malenal through which air can escape from 
the housmg body 1, even when the hous- 
ing IS completely underground, and which 
protectively encloses the compressed air 
main leading to the housing I. The protec- 
tive tube 44 is attached to the housing 

1^ 1 by a compression union. In detail, the 
parts of the compression union are a 
nng 45 having a conical outer surface which 
expands the tube 44 at its end which is to 
be attached to the housing, a cutter ring 

2U 46 which encircles the protective tube 44 
and a clamping nut which screws on to 
the sleeve 37 and forces the cutter ring 
46 agamst a chamfer on the msidc of the 
sleeve 37 so that the forward edge of the 

» cutter ring is compressed and digs into the 
outer wall of the protective tube, the tube 
thereby being securely held in the sleeve 
37. OptionaUy, instead of the cutter ring 

^ft ? conical clamp ring havinc 

axial slots might be provided. The clamp 
ring then clamps tightly round the protec- 
tive tube 44 when the nut 47 is tightened, 
the slots allowing the clamp ring to com- 
press. 

35 The striker tip and part of the housing 
or an alternative burrowing apparatus in 
acwrdance with the invention are shown 
m Figure 2. The housing comprises a hous- 
mg head 61 SCTewed directly mto a hous- 

40 mg body 60. The housing head encircles a 
striker tip 62 which is formed at the for- 
ward end as a cylmdrical gouge having a 
spherical recess in its working Up. At its 

a piston 

45 66 and a shank 63. The shank 63 forms the 
impact surface for an associated percus- 
sion piston (not shown). In the starting- 
position as shown, the shank lies m the 
mner bore of a ring 64 which is held 
^ shoulder in the housing body 
to by the housing head 61. The movement 
of the striker tip 62 is guided by the work- 
™S ^™ r ^^^S ^ an aperture at the front 
end of the housing head 61 and by the 

55 piston 66 shding in a bore at the rear end 
of the housing head 6U The ring 64 limits 
the movement of the piston 66 in the direc- 
tion opposite to the workmg dh-ection of 
the striker tip 62, whilst movement in 

to the wTOkmg direction is limited by a 
shoulder 65 in the bore m the hoiKine 
head 61. * 
In the forward movement, the striker 
tip 62 bears against the housing head 61 

65 via the pfeton 66 and cup springs 67 



which, after each blow, move the striker 
tip from its furthest forward position in 
the housing head back to its starting posi- 
tion. 

Whilst in the embodiment shown in 70 
Figure 1, the intermediate piston 15 ensures 
by its resilient buffers 18 that the striker 
tip 8, in spite of its small mass relative 
to the mass of the percussion piston 16, 
does not make too great a movement for 75 
the spring 13, (i.e. prevents excessive com- 
pression of the spring 13), excessive com- 
pression of the cup spring 67 in the em- 
bodiment shown in Figure 2 is prevented 
by the shoulder 65. 80 

In the event of an impact by the per- 
cussion piston on the shank 63 of the 
striker tip 62, the latter is driven forward, 
like the striker tip 8 in Fig. 1, to pro- 
trude further from the housing head 61. 85 
A pressure is exerted, via the cup springs 
67, on the housmg head 61, and therefore 
on the housing tube 60, in the workmg 
direction of the striker tip 62. With 
adequate strength m the cup springs 67, 90 
this pressure is so strong that the hous- 
ing comprising the tube 60 and the hous- 
ing head 61 follows the striker tip 62, 
just as the housing in Fig. 1 follows the 
striker tip 8 under the pressure of the 95 
spring 13 and the resOient buffers 18. On 
the other hand, the friction opposing move- 
ment of the housing in the ground and 
the movement of the housing in the direc- 
tion opposite to the working direction of 100 
the striker tip 62 resulting, if the occasion 
arises, from a preceding return of the 
percussion piston mto its starting posi- 
tion, is only overcome by the impact of 
the pistons 66 on the shoulder 65 on the 105 
housing head. In any case there occurs, 
as in Fig. 1, in the form of a vibratory 
movement, advancing of the striker tip 
62 in relation to the housing head 61 and 
the housing tube 60. This improves the 110 
advancing relative to that obtamed with 
conventional burrowing apparatus. 

Moreover, the rate of advancing of the 
apparatus in Fig. 2 is increased further by a 
ring 68 placed on the housing bead 61^ the 115 
mg having a larger outer diameter than 
Uie housing tube 60 and the housing head 
61. The outside of the ring 68 tapers in 
the same direction as the housing head 
61, i.e. in the working direction of the 120 
striker tip 62, and the ring displaces the 
ground in such a way that the hole formed 
m the ground has a larger diameter than 
the housing. This considerably reduces the 
friction of the housing in the hole. 125 

If the apparatus has to be retrieved back- 
wards out of the bore, for example for 
realignment in the event of the bore run- 
ning m an undesirable direction, the travel 
of the apparatus is reversed by reverse con- 130 
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trol of the associated percussion piston. 
In order that the ring 68 ^ould not pre- 
vent this backwards movement of the 
apparatus, the fit of the ring 68 on the 
5 housing head 61 is so selected that the 
ling frees itself from the housing head 
61 if the ring 68 becomes jammed in the 
bore when the housing is moved backwards, 
A further increase in the rate of advano- 

10 ing of the apparatus in the bore is effeo- 
. ted by profile gooves which run transverse to 
the length of the housing and largely pre- 
vent backward movement of the housing 
on the return stroke of the percussion 

^? piston. A sawtooth proffle with teeth 70 
pointmg backwards relative to the striker 
tip, as d)own in Fig. 2, has proved par- 
ticularly advantageous. 
The reveise control of the percussion 

20 piston for backwards movement of the 
apparatus is effected* in the case of a 
fiffther burrowing apparatus m accordance 
•with the inv^tion, as shown in Figs. 3 
to 6, by means of a drag-rope 69. The 

25 percussion piston 145 is, m tl^ case, for- 
med with an axial bore 146 at its rear end, 
in which bore fits a pfeton 147 on the for- 
ward end of a tubular control member 
135, to the free end of which compressed 

30 air is fed. The member 135 is slidably 
supported in a bore in a sleeve 138 which 
has at its forward end a flange 137 by 
which it is clamped in the tubular hous- 
ing of the apparatus. The flange 137 has 

35 a number of passages 101 therethrough to 
allow air to escape from the housing. 

At two spaced-apart positions along the 
sleeve 138 are a number of radial bores 
round its circitmference for receiving balls 

w 139. In the operating position of the cot- 
trol member 135 shown m Figs. 5 and 6, 
the balls 139 are located in two annular 
grooves 140 and 141 in the control member 
for return motion. In the operatmg posi- 

45 tion shown in Figs. 3 and 4 for forward 
motion, the balls 139 are located in the 
groove 141 and in a further annular 
groove 142 m the control men*er 135, 
spaced from die groove 141 by the same 

50 distance as is the groove 140. By the loca- 
tion of the bans 139 in the groove 141 
and the groove 140 or 142, the control 
sleeve 135 is locked in the respective operat- 
ing position. The bafls 139 arc held m the 

55 respective locking position by a deeve 143 
whidh is mounted slidably m the housmg 
of the apparatus and is urged towards the 
front of the housing by a spring 148. The 
sleeve 143 in that position holds the balls 

w down into the annular grooves. When the 
drag-rope 69 \t4iich is attached to the 
sleeve 143 is operated for switdiing-over 
from reverse to forward motion, the deeve 
143 slides rearwardly from the locking 

65 position as shown in Fig. 6 to a position in 



•whidi recesses 144 in the sleeve 143 lie 
over the baUs 139. The balls are tlierefore 
freed to the extent that they can move 
radially out of the annular grooves 140 and 
141 when a spring 136 forces the control 70 
member 135 forward into 'Uie operating 
position lor forward motim on intemro- 
tion of the compressed air feed to me 
apparatus. Lockmg of the control menri>er 
135 in tibis operatfaig position is effected 75 
automatically on releasmg the drag-rope 
69, which allows the sleeve 143 to return 
to its original position so that it forces the 
balls 139 into the grooves 141 and 142 
of the control member 135. 80 

Switching over of the burrowing appara- 
tus from forward to reverse motion neces- 
sitates another actuation of the drag rope 
69 v/tiSist maintaining the comj^es^ air 
feed. Then, with a suitable design of the 
spring 136, the control member 135 moves 
back under the compressed air pressure, 
agamst the spring pressure, mto tiie original 
position shown m Fig. 6. 

The changeover of .the control member 90 
135 from the operatipg position for for- 
ward motion to the operating position for 
return motion has the effect of moving the 
piston 147 so .that its position relative to 
apertures 149 in the percussion piston is 
changed. The result is that the time interval 
for which the space lying in front of the 
percu^on piston 145 m the working direc- 
tion is vented via the apertures 149 is 
shortened for an unchanged stroke time 100 
of the percussion piston, wtoreas the time 
interval for whidi the action of tiie com- 
pressed air on the forward end of the 
percussion piston in the direction c^posite 
to the worldng direction is correspondingly 105 
lengthened. Consequent^, the movement of 
the percussion piston towards the striker 
tip is braked early and, if necessary, im- 
I>act of the percussion piston oa the striker 
tip can be completely prevented. The HO 
movement of the percussion piston in the 
reverse direction is less braked so that tihe 
percussion piston strikes against the flange 
137 and imparts a back\rards motion to 
the housing. 115 

A protective tube (not shown) can be 
attached to the end of the hoiismg of tibe 
burrowing apparatus. For this pun)ose, the 
rmg 150 by which the sleeve 138 is held 
in the housing can be provided with a 120 
threaded extension at its rearward end, 
with a number of grooves running in flie 
axial direction across the screw thread. 
The grooves give the extension the effect 
of a thread-forming tap, so that the pro- 125 
tective tube can, without pre-threading, be 
screwed on to the extension which thereby 
cuts a screw thread into the protective 
tube. Alternatively, a damp might be 
used for attadiing the protective tube to 130 
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the housing. The protective tube can be 
provided with an opening to be used for 
drainage when it is in the ground. 

A slrflcer tip 109 is shown in Figs. 3 to 
I?' ^2*^1"* simUarly to the striker tip in 
Fig. 2, IS formed as a gouge and is sup- 
*^ houstag. The strilcer 
up 109 has a displacement cap 110 with 
an annular collar 111 which locates over 

10 a ^igot on the forward end of the hous- 
ing. The displacement cap 110 has a 
tapered bore which mates with a tapered 
mtennediate portion of the striker tip 109 
so that the cap is, without any additional 

A3 auxiliary means, firmly held on the striker 
tip. As the smaller diameter of the taper 
IS towards the forward end of the striker 
tip 109, the cap can be readily detached 
m the workmg direction. 

20 In Fig. 7 a mounttog platform 75 is 
shown, by means of which a burrowing 
apparatus in accordance with the inven- 
tion may be mtroduced mto the ground 
from a required posiUon and at a required 
^ inchnaupn at the start of a bormg opera- 
tion. The mounting platform 75 has two 
clamps 76 and 77 shaped to fit the con- 
tour of the housing of the burrowing 
apparatus, which clamps recede the bou^ 
mg between them and position the hous- 
ing parallel with the long ajds of the plat- 
form. The clamps 76 and 77 are pivotally 
mounted parallel to each other on parallel 
levers 78 and 79 which are pivoted at their 
35 ends to the platform 75. When the levers 

78 and 79 are in a position at right angles 
to the upper surface of the platform, the 
separauon of the clamps is greater than 
tlie housing diameter. Because of the 

40 geometry of the pandlel levers 78 and 79 
the chmps 76 and 77 close towards one 
another when the levers 78 and 79 are 
moved away from this position. Con- 

_ viMTsely, the clamps 76 and 77 open when 

45 Uie paraUel levers 78 and 79 are moved 
from an incUncd position into the above- 
mentioned position. The clamps 76 and 77 
are u^ed to dose by a tension sprmg 

50 22 ^^i^^^^l at one end to the lever 

79 and at the other end to the platform 
75, For msertion of the houdng of the 
burrowing apparatus betwewi the clamps, 
the parallel levers can be swung by hand 

i^^^ ^ ^<^sion spring 80 
SLr advantage of the length of the 
lever 79. After msertion of the housing, 
the lever 79 is released and the clamps 76 
and 77 close automatically round the 
housing. Using the direction of puB of the 
60 tension sprmg 80 and the direction of fa! 
scrtion of the housfag shown in Fig. 7 
the clamp 76 closes towards the clamD 77 
by movement of the clamps and of the 

lis u^T. Hl?"^ '^V'^ ^PP^i^ direction 
65 to the working direction of the striker tip 



On ^artuig up the burrowing apparatus 
hy feeding compressed air to it, the per- 
cussion piston reciprocates in the housing 
and forces act on the housing in both direc- 
tions axial to the housing. Because of the 70 
clampmg of the housing between the clamps 

76 and 77, and the swingable arrangement 
Of these clamps, the force acting on the 
housing in the workmg direction of the 
sinker tip leads to a swinging motion of 75 
the clamps 76 and 77 agamst the force 

of the tension spring 80. The clamps 76 and 

77 therefore open momentarily, and the 
housing slides forward between them with 
the energy imparted to it On the other 80 
hand, the force of the return stroke act- 
mg on the housmg in the other axial direc- 
tion, i,e. m the direction of pull of the 
tension spring 80, leads to an mcreased 
pp between the clamps, which prevents 85 
backward movement of the housmg. 
Hence, the clamps 76 and 77 with the 
pmllel levers 78 and 79 form a backstop 
^ch, wnh adequate fixing of the platform 

75 relative to the ground, ensures that the 90 
burrowng apparatus penetrates the ground, 
♦u t ^^^^ platform 75 to the ground, 
the platform is connected with a baseplate 
88 which is anchored m the ground by 
ground-spikes 81 before alignment of the 95 
p^tform. Alignment of the platform 75 is 
effected by swinging it about horizontal 
^Jltr''^'^''?] ^^at purpose, the 

patform 75 is connected with the base- 
plate 88 via a universal joint, which is 100 
formed by a turntable 89 arranged to be 
able to rotate on the baseplate 88, the 
turntable havmg eyes 90 for joumaUing the 
platform 75 to allow it to pivot. After 
alignment by swmgmg the turntable about 105 
the vertical axis, .the turntable can be 
easily locked by a lockmg screw 91 in the 
desired onentaUon. After pivotmg the 
platform 75 about the eyes 90, Le/about 

Svt ^"^"^ ^^'^^ ^ effected by no 
bolte 92 formed as wmg bolts, which in 
addition enable exceptionally precise settmc 
about the horizontSl axis.'^L *ovm if 
Fig. 7, two wmg hoks 92, arranged on 

nffi!S ?' *^ ^or^nua pivot, are 115 
provided to clamp the platform 75 by 
preaure agafast the baseplate 88. 

The actual alignment is facilitated by 
aI^^^*^^^ ^ spiritJevel, and a sighting 

83 which is fixed to the platform 75 per- 
pendicular to the longitudinal axis of the 
platform and carries at its upper end, on 
L^if'l^^'.^' ^,f^^ sight 85 Md a front 
ih. \li "^'^^ parallel with 125 

the long axis of the platform for sightine 
on a reference pomt. * 
The housing of the burrowing apparatus 

^^^T™*^^ platform 75 ksu^ 

ported between the clamps 76 and 77 and 130 
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is supported by a dished support 87 spaced 
from the clamps 76 and 77. The support 
87 not only improves the parallel pc^tion 
of the housing between the clamps 76 

5 and 77» sbce it reduces the bending load 
on the damp 76 to a negligibly small 
amount, but also facilitates the intrc^uction 
of the housing between the clamps 76 and 
77 and the application of a protective tube 

10 enclosing the compressed air feed to the 
bousing, and in certain cases the drag- 
rope. 

Fig. 8 shows part of a burrowing appara- 
tiis as in Figs. 3 to S modified for enlarg- 

15 ing an already-existing bore in the earth. 
In Fig. 8, instead of die displacement cap 
110 of Figs. 3 to 5, a displacement cap 120 
is arranged on the striker tip 109, and the 
housmg of the burrowing apparatus is sur- 

20 rounded by a supplementary sleeve 121. 
The displacement cap has at its forward 
end a cylindrical portion with a diameter 
equal to or very djgbtly smaller than the 
already ejdstfaig 4>ore ui the earth, which 

25 ensures tfoable&ee guidance of the ram- 
borer apparatus in the ahready-existing 
bore. Ihe rearward end oi the disjdacemeat 
cap 120 is tapered and has a major dia- 
meter equal to thai of the sleeve 121 to 

30 determme the diameter of the bore pro- 
duced hi the earth. 

Even for boring out an already existing 
bore in the earth, exact alignment of the 
burrowing apparatus is important However, 

35 with the employment of a level, difficulties 
arise if the ram-borer apparatus must be 
laid at a predetermined mdination. Such 
inclination can easily be set by a direction 
finder 122 as shown in Fig. 9. Tlic direction 

40 finder has a sighting amingement consisting, 
for example, of baclc and front sights for 
sightmg on a predetermined target point, 
and a plumb bob 123. For alignment, the 
direction finder is mounted on the housmg 

45 of the ram-borer apparatus, indicated in 
broken line in Fig. 9, by feet 124 which are 
shc^)ed to fit on the housmg. By means of 
the plumb bob 123 and a scale (not ^own) 
wi& which the bob cooperates, any align- 

50 ment of the burrowmg apparatus can ea^y 
be deteipiined. 

This is also possible if a burrowing ap- 
paratus 126 is connected, as shown in Fig. 
10, to a guide body 125 lying alongside and 
55 parallel to it If, after the production of 
a first bore m the earth, a second' bore 
runnmg parallel with the first is requked, 
die guide body 125 having an outer diameter 
equal to that of the housu^ of the burrow- 
60 ing ^paratus 126 is fixed, for example by 
screwmg, to the housh^ and is mserted 
into the existing bore by its tip which pro- 
jects forward of the striker ^ of the 
burrowing apparatus. After startmg up the 
65 burrowing apparatus, a second bore of equal 



diameter is bored parallel with the first 
bore. Moreover, during formation of the 
second bore the first bore does not suffer 
any appreciable alteration due to displace- 
ment of the earth from the second bore, 70 
because the guide body 125 advances in the 
first bore in front of the burrowmg e^para- 
tus in the second bore, and because the 
second bore is spaced from the first bore. 

FfaiaUy, for steering the burrowing ap- 75 
paratus, wings 127 or 128 as in Figs. 11 and 
12, respectively, may be provided. The wings 
127 are arranged diametrically opposite one 
another on the housing of the burrowmg 
apparatus at appropriate points, either con- 80 
nected rigidly to the housing or pivoted. 
More than one pair of wings may be pro- 
vided. The wings steer the burrowmg 
apparatus automatically in a predetermined 
arc through the ground depending on their 85 
inclination to the longituainal axis of the 
housing, so that, for example, even roads 
with a small embankment can be traversed 
undemeaUi at an adequate depth by the 
burrowing apparatus without any excavation ^0 
of the ground for launching the ^paratus. 
The wings 127 have a shape tapering m- 
wards in the working direction of the ap- 
paratus. If Ihe win|S are pivoted to the 
housing, the inclination of Uie wing to the 95 
long axis of the housing may be adjusted^ 
and the arc along wmch the burrowing 
apparatus moves through the ground may be 
thereby selected. This adjustment also en- 
ables the path of the apparatus to be set, 100 
taking into account the characteristics of 
the ground to be traversed. 

The components of the adjustable con- 
nection of the wing 127 to the housing 
comprise a pivot 129 attached to the hous- ^05 
ing, on which pivot is seated a hub 130 which . 
is attached, for example by weldmg, to one 
end of the associated wing 127. At the other 
end of the wing 127 is attached a stud 131 
which projects into one of a number of "0 
bores 132 arranged along an arc centred 
at the pivot 129 of the wing. 

Instead of the wings 127 attached to the 
housing of the burrowing apparatus, or even 
in addition to the wings 127, a curved stiff 115 
protective tube 44 can be employed for 
steering the apparatus, which, like the hous- 
ing in Fig. 11, is shown in Fig. 12 as a 
detail If necessary, the tube 44 ,can be 
provided with wmgs 128. The wiogs 128 120 
preferably have the same curvature as the 
protective tube and are arranged diametrio- 
ally opposite each other on the protective 
tube and parallel with tiie longitudinal axis 
of the tube. More than one pair of wings, 125 
spaced apart along the tube 44, may be 
provided. 

WHAT WE CLAIM IS:— 

1. A self-propelled pneumatically-oper- 130 
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""u^PS apparatus for drivine or 
enlarging holes or channek in rarth thf 
apparatus comprising a tubular Ssi?e 

5 the housing; and a strilcer tip aVraMed to 
s^ide m an axial direction rdl«K the 
housing and to which kinetic enew can E 

tn ZZ-l^ direction axial of the housine- in 
b?the n^r"'"' "^^^ tip onlSac" 
lorwara m the worbng direction bv acting 
against adjustably pre-stresS JeSf 

1-5 ™ housing. 3 ?n 

15 which the travel of the striker tip rdativS 
to housing is limited b?SiMtect 

20 • ^t" ^APP^ratus as chimed in naim i 
K?H« intermediate ^sS, Sged 
in the tale of action betweeS the pwcuS 
^on and the striker tip and ^S^Z 
^ Arection of motion It the ^^^Z 

25 

w&h rtS* w*"* as claimed in Claim 2. hi 

^ 1 -^PParatns as daimed in any preced- 
S at^™ tip ^ KSl 



^-j «M u'^fP*'^*"* as claimed m Qaun 4 in 
has a concave surface. 

6; Apparatus as claimed in any ore- 
ceding claim, in which the sSka tin k 
40 provided with a dispIaceia«irSb?? o1 

Of tie hS?^^ cross^iecUonal area 

STX^sSS^ip^'~™«^^-S 

^ r^t Apparatus as claimed m any one of 

r«^7"^.\*'.'^'acemeht membCT there- 
SSLr^lf^J' '^^^ cross-Sial 

9. Apparatus as claimed m Qaim 7 or 
SS^' onS?i? <I«PlacementTeiJbS 

movement in the workmg direotfom ^ 

{ni*^M Apparatus as claimed hi any pieced- 
AK ™ '^•ch a control S^reis 

65 mounted m the housing andZ, Sta„i 



^hL * compressed air feed; in 

Jrear^^P*'^'"???" P'>° « '•"flow at 
!.nH^!^^ ^''^'^s with its hollow rear 

!w " *!! '"tefspace between the control 

''"^face of the hoS ^ 
making a seal with both the control S 

wliV""'^ '^'^'"^'^ «f 'he housingV m3 
in which an air conduction path lotends 
from the hollow rear end of the S^rSS 
pis on to the front face of the percSn 75 
piston, which path is connected ST h? 
working stroke of the percussion nktnn 
only with an air ouUet inSJ «Sl Jk^S 
?«d during the return stroke of the peS 

in^ih.VhP'!^'^*'"' ^ "» Claim 10. 

Llte^^ sleeve is mounted 

^.-^^ direction in the hou^g 85 
SSn**^.^'?"* P'^^'^o^' providing differ- 
SV^s°^ P'*"0'ls durini which 

the path IS connected to the air ouUet and 
to the inner bore of the control deeve 
whereby one Hmit poshion results in fol3 90 

h?udnfr " "^'"^ movement of the 

nJ?; Apparatus as claimed in any pre- 95 
cejng chum m which the housing indSS 

ceJ^g te^lu"L4^a"So» tK 
connected to the rear end ofThSSng 

Apparatus as claimed in Qaim 13 
with Snei^orJ**?'^^ ^ P^wS 105 

or ciaimPfl'^^'' Claim 13 

or uann 14, m which the protective tube 110 

IS formed of synthetic materS. 

16. Apijaratus as claimed in any pre- 
cedmg darni, mcluding a steering whwr 
attached to Ac housing or to a cS^edTtSf 115 

ftfo^^SoT-^ " *^ begiSn^of'J 

tn Apparatus as claimed in Qaim 17 

whfch 1r? hrfnT'"^ «=Sm^ 125 

in o T spnng-loaded parallel 

th^ L "-^ '"'^'^^^ P'^s'tion in Contact ^th 
the housing, which levers can be^ moved 
agmnst the spring loadingTo ^''S? 

130 
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19. Apparatus as claimed in Qaim 17 via a universal joint with the baseplate and 
or Qaim 18, in which the mounting is pro- being lockaUe m any position of the base- 
vided with means for chewing Ate aUgn- plate. 15 
ment of the housing relative to a reference 

5 dbection, the means including a plumb 2L Awaratus as claimed in Qaim 1 and 

bob and/or a ^ting device. substanti^y as herehbef ore described with 

reference to the accompanying drawmgs. 

20, Apparatus as claimed in any one of For the Applicants: 
Qahns 17, 18 or 19, in which the mounting GILL, JENNINGS & EVERY 

10 includes a platform carrying the clamps, Chartered Patent Agents 

and a bas^late for fixing the mounting to 53 to 64 Chancery Lane 

the ground, the platform being connected London WC2A IHN 



Mnted for Her Maiesty*s Stationary Offioft by The Troeddalo Piess Ltd., Berwickupon'Tweed, 
FnUisbcd at the Patent Officer 25 Southanqpton BiiQdinM» London, WC2A lAY, from wliidi oqpka 

may bo obtainco. 
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